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OPTICAL DEVICE HAVING BLUR
CORRECTION FUNCTION

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims the benefit of U.S. Provisional
Application No. 60/708,495, filed Aug. 16, 2005, U.S. Pro-
visional Application No. 60/728,225, filed Oct. 19, 2005,
U.S. Provisional Application No. 60/708,497, filed Aug. 16,
2005, U.S. Provisional Application No. 60/728,256, filed
Oct. 19, 2005, U.S. Provisional Application No. 60/708,496,
filed Aug. 16, 2005, and U.S. Provisional Application No.
60/728,408, filed Oct. 19, 2005, which are hereby 1ncorpo-

rated by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical device using an
clectroactive polymer actuator as an actuator of a blur cor-
recting unit.

2. Description of the Related Art

In recent years, widespread use of subminiature cameras
mounted 1n digital or cellular telephones has resulted in an
increasing demand for optical devices, such as cameras and
video cameras, that are small and that provide high perfor-
mance. When cameras or video cameras are reduced 1n size,
the influence of vibration that they receive due to, for
example, motion blurring 1s increased, thereby resulting 1n
frequent blurring of a picked up 1image. Therefore, demand
for a blur correcting mechanism is increasing. Hitherto, an
clectromagnetic motor has generally been used as an actuator
for a driving mechanism of a blur correcting unit. The elec-
tromagnetic motor comprises a coil and a magnet, and con-
verts electrical energy into driving power on the basis of what
1s called “Fleming’s Law,” as a result of supplying electric
current through the coil 1n the magnetic field of the magnet. A
position detector, such as a light-recerving element, 1s used as
a sensor that detects a driving displacement of the electro-
magnetic motor. To reduce the size of the actuator used as the
clectromagnetic motor, 1t 1s necessary to increase driving
power that 1s generated per volume of the actuator. However,
when the driving power 1s increased, the magnetic field needs
to be icreased. More specifically, a large driving power can
be generated by any one of the following methods:

(1) Passing a large current as a result of increasing the
diameter of the coil;

(2) Increasing the number of windings of the coil; or

(3) Increasing the magnetic flux density as a result of
increasing the size of the magnet.

However, when these methods are used, the electromag-
netic motor 1s increased 1n size, thereby increasing the
amount of electric current consumed and requiring a sophis-
ticated controlling system. Therefore, there 1s a limit as to
how small the electromagnetic motor can be made when these
methods are used.

In addition, driving noise of the motor, 1tself, and noise of,
for example, a gear (which 1s a mechanism for transmitting
the driving power of the electromagnetic motor) are gener-
ated. Further, the mechanism has a sliding portion, thereby
reducing the durability of the mechanmism.

In recent years, research 1s being conducted on high poly-
meric materials, which have high generative force per volume
and high strain, themselves, to apply the high polymeric
materials to, for example, artificial muscles. An actuator
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2

(electroactive polymer actuator) to which high polymeric
material 1s applied 1s available.

The electroactive polymer actuator 1s compressed 1n the
direction of an electric field by electrostatic force that 1s
generated between electrodes by applying voltage between
the electrodes. At the same time, it 1s stretched perpendicu-
larly to the electric field to produce pressure, so that 1t 1s
possible to increase the strain of the polymeric matenal,
itself, and the output per volume. Therefore, the pressure and
strain can be provided by direct driving, thereby making it
unnecessary to use a mechanism, such as a displacement
enlarging mechanism or a speed reduction mechanism, such
as a gear box, required in, for example, related motors. Con-
sequently, 1t 1s possible to reduce the size, costs, and noise,
and to achieve proper durability. In addition, as disclosed 1n,
for example, U.S. Pat. No. 6,809,462, 11 a change 1n electro-
static capacitance caused by a displacement of the electroac-
tive polymer actuator 1s detected by a sensor circuit, the
clectroactive polymer actuator can be used as a sensor. A
circuit for detecting a change in electrostatic capacitance,
such as a resonator-type circuit, 1s widely known, so that a
related circuit may be used for the circuit for detecting a
change 1n electrostatic capacitance.

Japanese Patent No. 3501216 gives examples in which an
clectrostrictive stretching-and-contracting material 1s used
in, for example, a valve device, a pump device, an actuator
device, a sensor device, a generating device, and a vibratory
driving device.

U.S. Pat. No. 6,891,317 discloses a cylindrical electroac-
tive polymer actuator which 1s stretched and contracted 1n an
axial direction thereof.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an optical
device comprises a lens holding member that holds a lens and
that 1s movable 1n a direction along a plane that 1s orthogonal
to an optical axis of the lens, and an actuator that moves the
lens holding member in the direction along the plane. The
actuator includes an actuator element, formed of electroactive
polymer, and a connecting member that connects the lens
holding member to the actuator element.

According to another aspect of the present invention, an
optical device comprises an i1mage pickup element that
receives light from a shooting optical system, an 1mage-
pickup-element holding member that holds the image pickup
clement and that 1s movable 1n a direction along a plane that
1s orthogonal to an optical axis of the shooting optical system,
and an actuator that moves the image-pickup-element hold-
ing member in the direction along the plane. The actuator
includes an actuator element, formed of electroactive poly-
mer, and a connecting member that connects the 1mage-
pickup-element holding member to the actuator element.

According to another aspect of the present invention, an
optical device comprises an i1mage pickup element that
receives light from a shooting optical system, an 1mage-
pickup-element holding member that holds the 1mage pickup
clement and that 1s movable 1n an optical axis direction of the
shooting optical system, and an actuator that moves the
image-pickup-element holding member 1n the optical axis
direction. The actuator includes an actuator element, formed
of electroactive polymer, and a connecting member that con-
nects the image-pickup-clement holding member to the
actuator element.

According to another aspect of the present invention, an
optical device comprises an i1mage pickup element that
receives light from a shooting optical system, an 1mage-
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pickup-element holding member that holds the 1mage pickup
clement and that 1s movable 1n a direction of an optical axis of
the shooting optical system, a first actuator that moves the
image-pickup-element holding member 1n the direction of the
optical axis, a base member that supports the image-pickup-
clement holding member and the first actuator and that 1s
movable 1n a direction along a plane that i1s orthogonal to the
optical axis of the shooting optical system, and a second
actuator that moves the base member 1n the direction along
the plane. The first actuator and the second actuator each
include an actuator element, formed of electroactive polymer,
and a connecting member that connects the 1mage-pickup-
clement holding member to the actuator element.

Further features of the present invention will become
apparent from the following description of exemplary

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a main portion of an optical device including,
a camera and an interchangeable lens.

FIG. 2 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a first embodiment.

FIGS. 3A and 3B show structures of a two-phase electro-
active polymer actuator.

FI1G. 4 15 a block diagram of a structure of a camera and a
structure of an interchangeable lens.

FIG. 5 1s a flowchart of the steps of controlling a driving
operation of the lens when the two-phase electroactive poly-
mer actuator 1s used.

FIG. 6 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a third embodiment.

FIG. 7 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a fourth embodiment.

FIG. 8 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a fifth embodiment.

FIG. 9 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a sixth embodiment.

FIG. 10 shows a structure of a one-phase electroactive
polymer actuator.

FIG. 11 shows a structure of a blur correcting unit 1n an
interchangeable lens according to a second embodiment.

FI1G. 12 1s a flowchart of the steps of controlling a driving,
operation of the lens when the two-phase electroactive poly-
mer actuator 1s used.

FIGS. 13 to 151llustrate a structure of another electroactive
polymer actuator unit according to the present invention.

FI1G. 16 1llustrates a structure of still another electroactive
polymer actuator unmit according to the present invention.

FIG. 17 shows a camera according to a seventh embodi-
ment.

FIGS. 18A and 18B show a structure of a blur correcting
unit according to the seventh embodiment.

FIG. 19 1s a flowchart of the steps of operating the blur
correcting unit according to the seventh embodiment.

FIGS. 20A and 20B show a structure of a blur correcting
unit according to an eighth embodiment.

FIG. 21 shows a structure of a blur correcting unit accord-
ing to a ninth embodiment.

FIG. 22 shows a structure of a blur correcting unit accord-
ing to a tenth embodiment.

FIGS. 23 A and 23B show a structure of a blur correcting
unit according to an eleventh embodiment.

FIGS. 24 and 25 show a structure of an image-pickup-
clement driving unit according to a twelith embodiment.

FI1G. 26 1s a block diagram of a circuit and the driving unit
according to the twelfth embodiment.
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FIGS. 27A to 27D and FIGS. 28 A and 28B show operating,
states of the driving unit according to the twelith embodi-
ment.

FIG. 29 15 a flowchart of the steps of operating a shooting,
device according to the twelfth embodiment.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

FIG. 1 shows a main portion of an optical device (camera
system) 1ncluding a camera and an interchangeable lens
according to an embodiment of the present mmvention. An
interchangeable lens 100 1s connected to a camera body 120
by acommunication contact 150 of a mount. A main substrate
102 that controls driving of an actuator, a focus lens driving,
umt 103, a stop driving unit 104, and a motion-blur-preven-
tion driving unmit 107 that corrects motion blurring are
mounted 1n the interchangeable lens 100. The interchange-
able lens 100 1s controlled by a controlling circuit 101 on the
main substrate 102. The actuator and the main substrate 102
are electrically connected to each other by a tlexible printed
circuit board (not shown).

First Embodiment

FIGS. 2 to 5 show a first embodiment of the present inven-
tion. FIG. 2 shows a structure of a blur correcting unit in an
interchangeable lens according to the first embodiment.
FIGS. 3A and 3B show structures of a two-phase electroac-
tive polymer actuator element. FI1G. 4 1s a block diagram of a
structure of a camera and a structure of the lens. FIG. S1s a
flowchart of the steps of controlling a driving operation of the
lens when a two-phase electroactive polymer actuator unit 1s
used.

In FIG. 2, reference numeral 1 denotes a lens holder that
holds a correcting lens 2 at the center thereof, reference
numeral 30y denotes an electroactive polymer actuator unit
that 1s disposed so as to be stretched and contracted in a yaw
direction (that 1s, 1n a direction of a horizontal axis 1n FIG. 2),
and reference numeral 30p denotes an electroactive polymer
actuator unit that 1s disposed so as to be stretched and con-
tracted 1n a direction which 1s orthogonal to the actuator unit
30y, or a pitch direction (that 1s, 1n a direction of a vertical axis
in FIG. 2). Driving the actuator units 30y and 30p causes a
supporting member 456 (which 1s connected to and which
supports a yaw holder 4) and a supporting member 15 (which
1s connected to and supports the lens holder 1) to be displaced,
thereby allowing light that 1s incident upon the correcting lens
2 to be detlected through the lens holder 1. Therefore, when
camera shaking 1in the yaw direction and the pitch direction 1s
detected by a sensor, such as a vibratory gyroscope, and the
correcting lens 2 1s displaced so that the light 1s deflected 1n a
direction opposite to the camera shaking, the camera shaking
can be corrected.

Here, the structure of the two-phase electroactive polymer
actuator units 30y and 30p will be described with reference to
FIGS. 2, 3A, and 3B.

Retference numerals 31 and 31' denote cylindrical actuator
clements formed of electroactive polymer. Although, 1n U.S.
Pat. No. 6,891,317, the use of acrylic material or silicon
dielectric elastomer 1s disclosed, the embodiment 1s not par-
ticularly limited thereto. Holding members 32, 33, and 33' are
mechanical members for holding the actuator elements 31
and 31', and are secured to both ends of the actuator elements
31 and 31' with an adhesive. In each actuator unit, the holding
member 32 has a key 35 for being mechanically linked to the
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lens holder. In the embodiment, the key 35 1s used to take out
driving power of the actuator. A flat plate 34 shown in FIG. 3B
provides a pre-strain to the actuator elements 31 and 31", and
has an overall length that 1s longer than the length of the
actuator shown 1n FIG. 3A by a particular amount.

As mentioned above, 1t 1s widely known that properties,
such as electrostatic breaking strength, of each actuator can
be improved by applying a certain amount of pre-strain to the
actuator elements 31 and 31' formed of electroactive polymer.
In the embodiment, an axial pre-strain 1s applied to the actua-
tor elements shown 1n FIG. 3A by using the flat plate 34. In the
actuator unit shown in FIG. 3A, while stretching the actuator
clements (films) 31 and 31' within an elastic deformation
range 1 an axial direction by using a mounting jig (not
shown), the holding member 33 and holding member 33' are
secured to the flat plate 34 with screws. Making the actuator
unit usable by the use of the flat plate 34 1s effective in
facilitating controlling of the properties of the actuator unait.

Inthe embodiment, the flat plate 34 need notbe used. When
the flat plate 34 1s not used, the actuator unit shown in FIG. 3A
1s directly mounted 1n a lens barrel while stretching the actua-
tor unit 1n the axial direction thereof. More specifically, the
holding members 33 and 33' shown 1n FIG. 3A are directly
mounted to a bottom board 3 and the yaw holder 4 shown in
FIG. 2. Obviously, the actuator unit and the flat plate 34 may
be unitized as shown 1n FIG. 3B, and mounted to the blur
correcting unit shown in FIG. 2.

Rough calculation results of the size of each actuator unit in
the structure according to the embodiment are given below.

When the thickness of an electroactive polymer film 1s 50
um and driving voltage 1s 5 KV, the width and length of the
{1lm that can move a 10-gram load through a distance of 1 mm
are approximately 10 mm and 2 mm, respectively. When the
film 1s wound imto the form of a cylinder and the inside
diameter 1s 2 mm, the outside diameter 1s approximately 3
mm. Therefore, from these results, the length of one actuator
unit 1s equal to the sum of the lengths of two films (2 mmx2)
and the total thickness of three holding members. That 1s, 1t 1s
possible to realize a small actuator unit having a length of
approximately 6 mm and an outside diameter of 3 mm.

Next, the setting of an 1nitial position of each actuator unit
according to the present invention will be described.

In each actuator unit according to the embodiment, when
voltage 1s not applied to the actuator elements 31 and 31, an
initial position of the key 35 can be maintained by the elastic
force of the actuator elements 31 and 31'. In a related blur
correcting unit, when a power supply 1s turned on, a resetting
operation 1s performed to return a correcting lens to its pre-
determined position. In each actuator unit according to the
embodiment having the above-described structure, however,
the resetting operation can be omitted. In addition, at the
initial position, electric power for positioning each actuator
unit 1s not required, so that electric power can be saved. In the
embodiment, an 1nitial reset position 1s set so that the center of
the correcting lens defines an optical axis. In other words,
cach actuator unit 1s secured so that, when voltage 1s not
applied to each actuator unit, the central position of the cor-
recting lens coimncides with the optical axis of the lens barrel.
The position where each actuator unit 1s secured 1s not limited
to the optical-axis center and the center of the correcting lens,
so that 1t may be any predetermined position that 1s suitable
tor the optical device.

In FIG. 2, the bottom board 3 disposed in the lens barrel of
the camera serves as a base that supports the motion-blur
correcting mechanism. The yaw holder 4 has protrusions 4a
that are fitted to yaw-direction slotted holes 3a of the bottom
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to the supporting member 15 shown 1n FIG. 2, so that the yaw
holder 4 can only be displaced 1n the vaw direction.

In FIG. 2, reference numeral 5 denotes a guide bar that 1s
inserted mto guide holes 1a 1n the lens holder 1. Both ends of
the guide bar 5 are supported at respective bearings 4¢ of the
yaw holder 4 so that the axial direction of the guide bar 5 1s the
pitch direction. By virtue of this structure, the key 35 of the
actuator umt shown in FIG. 3 1s connected to the supporting
member 15 shown 1n FIG. 2 and drives the lens holder 1 only
in the pitch direction with respect to the yaw holder 4. Since
the yvaw holder 4 can be displaced only 1n the yaw direction
with respect to the bottom board 3, the displacements of the
lens holder 1 and the yaw holder 4 allow the correcting lens 2
to be displaced 1n both the pitch direction and the yaw direc-
tion. In the above-described structure, the directions of dis-
placements of the lens holder 1 and the yaw holder 4 are not
limited to those mentioned above, so that the directions of
displacements of these parts may be transposed.

By virtue of the above-described structure, driving only the
lens holder 1 1n the pitch direction (that 1s, the direction 1n
which gravitational force acts) prevents a large load from
being exerted upon the actuator unit. When the correcting lens
2 1s driven 1n the yaw direction, the correcting lens 2 and the
actuator umt 30p are driven together, so that they are
smoothly operated without any displacement between them.

FIG. 41s a block diagram of a general structure of an optical
device (camera system) including a camera and an inter-
changeable lens. In FIG. 4, corresponding parts to those
shown 1n FIG. 1 are given the same reference numerals.

First, a structure of the interchangeable lens will be
described.

A lens microcomputer 101 1s mounted 1n an interchange-
able lens 100. Communication 1s performed from a camera
body to the lens 100 through a communication contact 150.
On the basis of a command value of the communication,
controlling of a blur correcting umit 107 and operations of a
focus-lens driving unit 103 and a stop driving unit 104 1s
performed. A blur-prevention switch 105 1s switched on or off
depending upon whether or not blur correction 1s to be carried
out. When a main switch 122 of the camera 1s turned on, and
the blur-prevention switch 105 1s turned on by a shooter, a
signal detected by a shake sensor 106 that detects camera
shaking 1s transmitted to the lens microcomputer 101. On the
basis of the value of the signal, the lens microcomputer 101
calculates a blur correction value and issues the blur correc-
tion value to the blur correcting unit 107. This causes a blur-
prevention driving umt 1075 to drive a correcting optical
system 107a to correct the blurring. The blur correcting unit
107 comprises the correcting optical system 107a, the blur-
prevention driving unit 1075, and a position detecting unit
107c. The method used for detecting position with the posi-
tion detecting unit 107 ¢ 1s that disclosed 1n, for example, U.S.
Pat. No. 6,809,462, 1n which a change 1n the distance between
clectrodes caused by applving voltage to the actuator ele-
ments (polymers) 31 and 31' 1s detected as a change 1n elec-
trostatic capacitance or resistance of the polymers, and the
detected value 1s converted into the displacement of the actua-
tor unit and the position of the lens. The position detecting
unmit 107¢ 1s mtegrally formed with the actuator unit. On the
basis of a shake amount detected by the shake sensor 106, the
lens microcomputer 100 calculates the blur correction
amount and controls the blur-prevention driving unit 1075.
The electroactive polymer, serving as the position detecting
unit 107¢, 1s used to calculate the displacement of the actuator
unit and the position of the lens. The calculated value 1s fed
back to the lens microcomputer and a control amount 1s
calculated. This control amount 1s 1ssued to the blur-preven-
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tion driving unit to perform the controlling operation. The
position detecting unit may be an attached external sensor,
such as a photodetector, or a built-in sensor, such as an elec-
trostatic capacitive detector.

Integrally forming the actuator unit and the position detec-
tor as mentioned above makes 1t possible to reduce the size of
the optical device. In addition, the number of parts 1s reduced,
so that 1t 1s possible to reduce costs and increase workability.

The focus-lens driving unit 103 performs a focusing opera-
tion as a result of driving a focusing lens on the basis of a
command value from the lens microcomputer 101. The stop
driving unit 104 reduces the aperture of a stop to a position set
by a command value from the lens microcomputer 101 or
restores the stop to i1ts full-aperture state.

The lens microcomputer 101 also transmits states of the
interior of the lens (such as focus position and stop value) and
information regarding the lens (such as data required for
detection and calculation of a focus state, maximum aperture,
and focal length) to the camera body 120 through the contact
150.

An electrical system 1n the interchangeable lens 100 com-
prises the lens microcomputer 101, the blur-prevention driv-
ing unit 107, the focus-lens driving unit 103, and the stop
driving unit 104. A camera power supply 123 supplies electric
power to the lens electrical system through the contact 150.

A focus-state detecting unit 125, a photometric unit 126, a
shutter controlling unit 127, a controlling unit 128, and a
camera microcomputer 121 (which, for example, controls the
starting or stopping of the operations of these units, calculates
exposure, and calculates a focus state) are mounted in the
camera body 120. As with the interchangeable lens, electric
power 1s supplied to an electrical system in the camera body
120 by the camera power supply 123 1n the camera body 120.

A main switch 122 1s a switch that starts the camera body.
When the main switch 122 1s turned on, electric power 1s
supplied to the camera body and the lens by the power supply
123. Reference numeral 124 denotes a shooting-mode
switching switch. When the switch 124 1s switched on, a
snapshot 1s taken. Reference numeral 129q (SW1) denotes a
switch for performing a photometric operation or for detect-
ing a focus state. Reference numeral 1296 (SW2) denotes a
release switch. In general, the switches 1294 and 1295 are two
stroke switches. The switch 129q 1s switched on by a first
stroke of the release button, and the switch 1295 1s turned on
by a second stroke of the release button.

Here, communication between the camera body and the
interchangeable lens will be described.

The communication 1s a clock-synchronization serial com-
munication in which lines for three signals, a serial clock
signal that 1s transmitted to the interchangeable lens from the
camera body, a data signal that 1s transmitted to the inter-
changeable lens from the camera body, and a data signal that
1s transmitted from the interchangeable lens to the camera
body, are used. Since a signal recetving unit and a signal
transmitting unit are independently formed, 1n one commu-
nication, the transmission of data from the camera body to the
interchangeable lens and the transmission of data from the
interchangeable lens to the camera body are performed at the
same time. The communication 1s performed by using a com-
mand with respect to the interchangeable lens, when data
becomes necessary for detecting the focus state or for per-
forming photometric calculation at the camera body, or each
time a focusing operation or a stopping operation 1s required.

Next, the steps of operating the interchangeable lens and
the camera body will be described with reference to the flow-

chart shown 1n FIG. 5.
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| Step 1] The state of the switch 129a (SW1) 1s detected. If
it 1s o, the process remains at Step 1, whereas, 1f 1t 1s on, the
process proceeds to Step 2.

[Step 2] The ON/OFF state of the blur-prevention switch
105 1s detected. If 1t 1s on, the process proceeds to Step 3,
whereas, 11 1t 15 ofl, the process proceeds to Step 4.

[Step 3] Since the blur-prevention switch 105 i1s on, a
blur-prevention driving command 1s transmitted to the inter-
changeable lens, and the process proceeds to Step 4.

[ Step 4] The light-shielding unit 126 1s driven to perform a
photometric operation, and the process proceeds to Step 3.

[Step 5] The focus-state detecting unit 125 1s driven to
detect a focus state, and the process proceeds to Step 6.

[Step 6] Communication with the interchangeable lens 1s
performed. The communication is carried out for transmitting
to the lens microcomputer 101 a focusing lens driving amount
obtained from the result of detecting and calculating the focus
state.

[ Step 7] Whether or not the lens 1s focused 1s determined. If
it 1s focused, the process proceeds to Step 8, whereas, 11 it 1s
not focused, the process returns to Step 1.

[Step 8] The ON/OFF state of the release switch 1295
(SW2) 1s detected. If 1t 15 on, the process proceeds to Step 9,
whereas, 11 1t 15 ofl, the process returns to Step 1.

[Step 9] Since the release switch 1296 (SW2) 1s on, an
image pickup start signal 1s transmitted to the interchangeable
lens, and the process proceeds to Steps 10 and 11.

[Step 10] The stop driving umit 104 of the interchangeable
lens 1s operated, and the process proceeds to Step 12.

[Step 11] A quick-return and mirror-upward-setting opera-
tion 1s performed at the camera body, and the process pro-
ceeds to Step 13.

[Step 12] The dniving of the stop 1s completed, and the
process proceeds to Step 13.

[Step 13] The shutter unit 127 1s driven to cause a {first
curtain of a shutter to run for starting exposure, and the
process proceeds to Step 14.

[Step 14] An exposure time that has been set in Step 4 on
the basis of, for example, a photometric value 1s measured
with a timer. When the measurement ends, the process pro-
ceeds to Step 15.

[Step 15] The shutter unit 127 1s driven to cause a second
curtain of the shutter to run for ending the exposure, and the
process proceeds to Step 16.

[Step 16] An 1image pickup end signal 1s transmitted to the
interchangeable lens, and the process proceeds to Step 17.

[Step 17] A quick-return and mirror-downward-setting
operation 1s performed at the camera body, and the shooting
ends.

Second Embodiment

FIG. 4 and FIGS. 10 to 12 are diagrams related to a second
embodiment of the present invention. FIG. 4 1s a block dia-
gram o1 the structure of the camera and the structure of the
lens. FIG. 10 shows a structure of a one-phase electroactive
polymer actuator. FIG. 11 shows a structure of a blur-correct-
ing unit 1n an interchangeable lens. FI1G. 12 1s a flowchart of
the steps of controlling a driving operation of the lens.

FIG. 11 shows a structure of a blur-prevention driving unit
in an nterchangeable lens according to the second embodi-
ment.

In FIG. 11, reference numeral 1 denotes a lens holder that
holds a correcting lens 2 at the center thereof, reference
numeral 40y denotes a one-phase electroactive polymer
actuator unit that 1s disposed so as to be stretched and con-
tracted 1n a yaw direction (that1s, 1n a direction of a horizontal
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axis 1n FIG. 11), and reference numeral 40p denotes a one-
phase electroactive polymer actuator unit that 1s disposed so
as to be stretched and contracted in a direction which 1is
orthogonal to the yaw-direction actuator unit 40y, or a pitch
direction (that 1s, 1n a direction of a vertical axis in FIG. 11).
Driving the actuator units 40y and 40p causes a supporting
member 45 (which 1s connected to and which supports a yaw
holder 4) and a supporting member 15 (which 1s connected to
and supports the lens holder 1) to be displaced, thereby allow-
ing light that 1s mcident upon the correcting lens 2 to be
deflected through the lens holder 1. Therefore, when camera
shaking in the yaw direction and the pitch direction 1s
detected by a sensor, such as a vibratory gyroscope, and the
correcting lens 2 1s displaced so that the light 1s deflected 1n a
direction opposite to the camera shaking, the camera shaking
can be corrected.

Here, the structure of the one-phase electroactive polymer
actuator units 40y and 40p will be described with reference to
FIGS. 10 and 11.

Reference numerals 41 denote cylindrical actuator ele-
ments formed of electroactive polymer. Although, in U.S. Pat.
No. 6,891,317, the use of acrylic material or silicon dielectric
clastomer 1s disclosed, the embodiment 1s not particularly
limited thereto.

Holding members 42 and 43 are mechanical members for
holding the actuator elements (polymers) 41, and are secured
to both ends of the actuator elements 41 with an adhesive.
Each holding member 43 1s a fixed end that 1s fixed to a base
member, and each holding member 42 1s a movable end. Each
holding member 42 has a key 44 for being mechanically
linked to the lens holder 1 and the yaw holder 4. In the
embodiment, each key 44 1s used to extract driving power of
the actuator. For example, a helical compression spring (not
shown) 1s provided between the holding members 42 and 43
to prevent buckling of the actuator element (polymer) 41.
Although, 1n the embodiment, the holding members 43
shown 1n FIG. 10 are directly mounted to a bottom board 3
shown 1 FIG. 11, they may be indirectly mounted to the
bottom board 3.

Next, the setting of an 1nitial position of each actuator unit
according to the present invention will be described.

When voltage 1s not applied to each one-phase electroac-
tive polymer actuator unit, each actuator unit has a natural
length, whereas, when voltage 1s applied, 1t 1s stretched. How-
ever, each actuator unit 1s not compressed from 1ts natural
length as long as a force 1s not applied to each actuator unait.
Here, when each electroactive polymer actuator unit1s used in
a blur correcting unit, it 1s necessary to stretch or contract the
actuator element (polymer) 41 to move the movable end 42
horizontally in the direction of the horizontal axis 1n FI1G. 10.
Therefore, 1t 1s necessary to stretch each electroactive poly-
mer actuator unit by a certain amount as a result of previously
applying a certain amount of voltage to each electroactive
polymer actuator unit (pre-charging operation), to increase or
decrease voltage from the predetermined voltage, and to
make each actuator unit appear as 1f 1t 1s stretch or contracted
with a pre-charged position as the center.

In a related blur correcting unit, when a power supply 1s
turned on, a centering operation 1s performed to return a
correcting lens to a particular position, which 1s, usually, a
position where the center of the lens and the position of the
optical axis coincide. In the structure of each actuator unit
according to the embodiment, the position to which the actua-
tor 1s pre-charged 1s made to coincide with the centering
position, thereby making 1t possible to correct blurring at the
most optically optimal position. The centering position 1s not
limited to the optical axis center and the center of the correct-
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ing lens, so that it may be a predetermined position that 1s
suitable for the optical device.

In FIG. 11, the bottom board 3 disposed inthe lens barrel of
the camera serves as a base that supports the motion-blur
correcting mechanism. The yaw holder 4 has protrusions 4a
that are fitted to yaw-direction slotted holes 3a of the bottom
board 3. The key 44 shown in FIG. 10 1s connected to the
supporting member 35 shown in FIG. 11, so that the yaw
holder 4 can only be displaced 1n the yaw direction.

In FIG. 11, reference numeral S denotes a guide bar that 1s
inserted mto guide holes 1a 1n the lens holder 1. Both ends of
the guide bar 5 are supported at respective bearings 4¢ of the
yaw holder 4 so that the axial direction of the guide bar 5 1s the
pitch direction. By virtue of this structure, the key 44 of the
actuator unit shown in FIG. 10 1s connected to the supporting
member 156 shown in FIG. 11 and drives the lens holder 1 only
in the pitch direction with respect to the yaw holder 4. Since
the yvaw holder 4 can be displaced only 1n the yaw direction
with respect to the bottom board 3, the displacements of the
lens holder 1 and the yaw holder 4 allow the correcting lens 2
to be displaced 1n both the pitch direction and the yaw direc-
tion. In the above-described structure, the directions of dis-
placements of the lens holder 1 and the yaw holder 4 are not
limited to those mentioned above, so that the directions of
displacements of these parts may be transposed.

By virtue of the above-described structure, driving only the
lens holder 1 in the pitch direction prevents a large load from
being exerted upon the actuator unit. When the correcting lens
2 1s driven 1n the yvaw direction, the correcting lens 2 and the
actuator unmit 40p are driven together, so that they are
smoothly operated without any displacement between them.

Next, the steps of operating the iterchangeable lens and
the camera body will be described with reference to the block
diagram of FIG. 4 and the flowchart shown 1n FIG. 12.

[ Step 1] The state of the switch 1294 (SW1) 1s detected. If
it 1s o, the process remains at Step 1, whereas, 1f 1t 1s on, the
process proceeds to Step 2.

[ Step 2] A blur-correction driving unit is centered, that 1s, a
certain voltage 1s applied to each actuator element (electro-
active polymer) 41 to drive the correcting lens to a position
where the optical axis center and the center of the correcting
lens coincide, and the process proceeds to Step 3.

[Step 3] The ON/OFF state of the blur-prevention switch
105 1s detected. If 1t 1s on, the process proceeds to Step 4,
whereas, 11 1t 15 ofl, the process proceeds to Step 3.

[Step 4] Since the blur-prevention switch 105 i1s on, a
blur-prevention driving command 1s transmitted to the inter-
changeable lens to start correcting the blurring.

| Step 5] The light-shielding unit 126 1s driven to perform a
photometric operation, and the process proceeds to Step 6.

[Step 6] The focus-state detecting unit 125 1s driven to
detect a focus state, and the process proceeds to Step 7.

[Step 7] Communication with the interchangeable lens 1s
performed. The communication is carried out for transmitting
to the lens microcomputer 101 a focusing lens driving amount
obtained from the result of detecting and calculating the focus
state.

| Step 8] Whether or not the lens 1s focused 1s determined. If
it 1s focused, the process proceeds to Step 9, whereas, 11 it 1s
not focused, the process returns to Step 1.

[Step 9] The ON/OFF state of the release switch 1295
(SW2)1s detected. If 1t 1s on, the process proceeds to Step 10,
whereas, 11 1t 15 ofl, the process returns to Step 1.

[Step 10] Since the release switch 12956 (SW2) 1s on, an
image pickup start signal 1s transmitted to the interchangeable
lens, and the process proceeds to Steps 11 and 12.
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[Step 11] The stop driving unit 104 of the interchangeable
lens 1s operated, and the process proceeds to Step 13.

[Step 12] A quick-return and mirror-upward-setting opera-
tion 1s performed at the camera body, and the process pro-
ceeds to Step 14.

[Step 13] The drniving of the stop 1s completed, and the
process proceeds to Step 14.

[Step 14] The shutter unit 127 1s driven to cause a first
curtain of a shutter to run for starting exposure, and the
process proceeds to Step 13.

[Step 15] An exposure time that has been set 1n Step 5 on
the basis of, for example, a photometric value 1s measured
with a timer. When the measurement ends, the process pro-
ceeds to Step 16.

[Step 16] The shutter unit 127 1s driven to cause a second
curtain of the shutter to run for ending the exposure, and the
process proceeds to Step 17.

[Step 17] An 1image pickup end signal 1s transmitted to the
interchangeable lens, and the process proceeds to Step 18.

[Step 18] A quick-return and mirror-downward-setting
operation 1s performed at the camera body, and the shooting
ends.

Third Embodiment

Next, a third embodiment of the present invention will be
described with reference to FIG. 6.

FIG. 6 shows a structure of a blur correcting unit 1n an
interchangeable lens. The third embodiment differs from the
first and second embodiments 1n the structure of the blur
correcting unit.

In FIG. 6, reference numeral 1 denotes a lens holder that
holds a correcting lens 2. By displacing the correcting lens 2
through the lens holder 1 1n a plane that 1s perpendicular to an
optical axis, 1t 1s possible to detlect incident light. Therefore,
when camera shaking 1n a yaw direction (that 1s, 1n a direction
of a horizontal axis 1n FIG. 6) and a pitch direction (that 1s, 1n
a direction of a vertical axis 1n FIG. 6) 1s detected by a sensor,
such as a vibratory gyroscope, and the correcting lens 2 1s
displaced so that the light 1s deflected 1n a direction opposite
to the camera shaking, the camera shaking can be corrected.

Reference numeral 3 denotes a bottom board disposed in a
lens barrel of the camera and serving as a base that supports a
lens shift mechanism. Supporting members 15 and 1c¢ that
support the lens holder 1 are disposed at the lens holder 1. The
supporting member 15 has a yaw-direction slotted hole 14,
and the supporting member 1¢ has a pitch-direction slotted
hole 1e. Reference numeral 30y denotes an electroactive
polymer actuator unit that 1s disposed so as to be stretched and
contracted 1n the yaw direction, and reference numeral 30p
denotes an electroactive polymer actuator unit that 1s dis-
posed so as to be stretched and contracted 1n a direction that
1s orthogonal to the actuator unit 30y, that 1s, 1n the pitch
direction. The actuator units 30p and 30y each include actua-
tor elements (polymers) 31 and 31", holding members 33 and
33', and a key 35.

A slotted hole 14 and a horizontal axis of an L-shaped
supporting shaift 6 that is inserted in guide holes 1a formed 1n
the lens holder 1 are provided so as to displace the lens holder
1 only 1n the yaw direction. A slotted hole 1e¢ and a vertical
axis of the L-shaped supporting shait 6 that 1s mnserted 1n
guide holes 35 are provided so as to drive the lens holder 1
only 1n the pitch direction.

Since the actuator keys 35 are fitted to their respective
slotted holes 14 and 1¢ and the L-shaped supporting shaift 6 1s
inserted in the guide holes 1a and 35, when the actuator units
30p and 30y are driven while being stretched or contracted,
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the lens holder 1 1s displaced in two directions, the pitch
direction and the yaw direction, with respect to the bottom
board 3, that 1s, 1n the plane that 1s perpendicular to the optical
axis thereol.

In the above-described structure, the L-shaped supporting
shaft 6 has a bent portion 6a. Therefore, when the rigidity of
the bent portion 6a 1s low, the lens holder 1 may also rotate
around the optical axis when the lens holder 1 1s driven.
Consequently, 1n the optical device according to the present
invention, the L-shaped supporting shatt 6 1s designed con-
sidering the following to prevent the lens holder 1 from rotat-
ing around the optical axis. A natural frequency that depends
upon the spring rigidity of the bent portion 6a of the L-shaped
supporting shait 6 and the total mass of the lens holder 1
(1including the mass of the correcting lens 2) 1s set at at least
300 Hz. This 1s because, since a blur-correction driving area
based on the lens holder 1 1s 100 Hz (although motion blur-
ring of, for example, a camera occurs 1n the range of from 1
Hz to 10 Hz, the range needs to be widened to 100 Hz to
precisely correct motion blurring), the lens holder 1 rolls
around the optical axis even within the blur-correction driving
area unless the natural frequency 1s set in the frequency range
that 1s equal to or greater than 100 Hz.

Although, 1n the above-described structure, two-phase
clectroactive polymer actuators are used, one-phase electro-
active polymer actuators may also be used as in the second
embodiment.

In the optical device according to the present invention, the
spring constant of the bent portion 6a of the L-shaped sup-
porting shaft 6 1s reverse-calculated from the natural fre-
quency determined on the basis of the aforementioned reason,
to determine the material and the size of the L-shaped sup-
porting shaft 6. By virtue of the above-described structure
that uses the L-shaped supporting shait 6, 1t 1s possible to
reduce the number of parts used 1n the blur correcting unit,
thereby reducing costs and increasing workability.

Fourth Embodiment

A Tourth embodiment of the present mvention will be
described with reference to FIG. 7.

FIG. 7 shows a structure of a blur correcting unit 1n a lens
device.

In FIG. 7, reterence numeral 1 denotes a lens holder that
holds a correcting lens 2 at the center thereof. The correcting,
lens 2 1s displaced in a plane perpendicular to an optical axis
thereof through the lens holder 1 to allow light that 1s incident
upon the correcting lens 2 to be deflected. Therefore, when
camera shaking in a yaw direction (that 1s, 1n a direction of a
horizontal axis 1n FIG. 7) and a pitch direction (that 1s, 1n a
direction of a vertical axis 1n FIG. 7) 1s detected by a sensor,
such as a vibratory gyroscope, and the correcting lens 2 1s
displaced so that the light 1s deflected 1n a direction opposite
to the camera shaking, the camera shaking can be corrected.

Reference numeral 3 denotes a bottom board disposed 1n a
lens barrel of the camera and serving as a base that supports a
lens shift mechanism. Supporting members 1/ and 1g that
support the lens holder 1 are disposed at the lens holder 1.
Each supporting member 1/ has a yaw-direction slotted hole
1/, and each supporting member 1g has a pitch-direction
slotted hole 1/ extending orthogonal to the supporting mem-
bers 1/, that 1s, 1n the pitch direction. Reference numerals 30y
and 30y denote electroactive polymer actuator units that are
disposed so as to be stretched and contracted 1n the yaw
direction and so as to oppose each other with the lens holder
1 being disposed therebetween. Reference numerals 30p and
30p denote electroactive polymer actuator units that are dis-
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posed so as to be stretched and contracted 1n a direction that
1s orthogonal to the actuator unmits 30y and 30y, that 1s, 1n the
pitch direction and so as to oppose each other with the lens
holder 1 being disposed therebetween. The actuator units 30p
and 30y each include actuator elements (polymers) 31 and
31", holding members 33 and 33', and a key 35.

Two slotted holes 1/ are formed so as to displace the lens
holder 1 only 1n the yaw direction. Two slotted holes 1e are
formed so as to drive the lens holder 1 only in the pitch
direction. Since the actuator keys 35 are {itted to their respec-
tive slotted holes 1/ and 1i, the two actuator units 30p and 30p
are driven at the same time and with the same phase and
displacement, and the two actuator unmits 30y and 30y are
driven at the same time and with the same phase and displace-
ment, so that a total of four actuators are driven while being
stretched and contacted. This causes the lens holder 1 to be
displaced 1n two directions, the pitch direction and the yaw
direction, with respect to the bottom board 3, that 1s, 1n the
plane that 1s perpendicular to the optical axis thereof.

By virtue of the above-described structure, it 1s possible to
drive the correcting lens with a high output, so that a large and
heavy lens can also be driven. Although, in the above-de-
scribed structure, two-phase electroactive polymer actuators
are used, one-phase electroactive polymer actuators may also
be used as 1n the second embodiment.

Fitth Embodiment

A fifth embodiment of the present mvention will be
described with reference to FIG. 8.

FIG. 8 shows a structure of a blur-correcting unit 1n a lens
device.

In FIG. 8, reference numeral 1 denotes a lens holder that
holds a correcting lens 2 at the center thereof. Through the
lens holder 1, the correcting lens 2 1s displaced in a plane that
1s perpendicular to an optical axis thereof to allow light that 1s
incident upon the correcting lens 2 to be deflected. Therefore,
when camera shaking 1n a yaw direction (that 1s, 1n a direction
of a horizontal axis 1n FIG. 8) and a pitch direction (that 1s, 1n
a direction of a vertical axis 1n FIG. 8) 1s detected by a sensor,
such as a vibratory gyroscope, and the correcting lens 2 1s
displaced so that the light 1s deflected 1n a direction opposite
to the camera shaking, the camera shaking can be corrected.

Reference numeral 3 denotes a bottom board disposed in a
lens barrel of the camera and serving as a base that supports a
lens shift mechanism. Supporting members 1j, 1%, and 1
that support the lens holder 1 are disposed at the lens holder 1.
The supporting member 1; has a pitch-direction slotted hole
1», the supporting member 1k has a yaw-direction slotted
hole 1p, and the supporting member 1 has a slotted hole 14.
The slotted hole 14 1s formed at the most suitable angle that
does not allow the lens holder 1 and the correcting lens to fall
in the direction of the optical axis of the lens 2 (that 1s, the
thrust direction). Although, 1n the embodiment, the slotted
hole 1¢ 1s set at a position that 1s at an angle of 135 degrees
counterclockwise from the slotted hole 1z and that 1s at an
angle of 135 degrees clockwise from the slotted hole 1p,
depending upon relationships with other parts, 1t does not
have to be set at this position in terms of design.

Reference numeral 30y denotes an electroactive polymer
actuator unit that 1s disposed so as to be stretched and con-
tracted 1n the yaw direction. Reference numeral 30p denotes
an electroactive polymer actuator unit that 1s disposed so as to
be stretched and contracted in a direction that 1s orthogonal to
the actuator unit 30y, that 1s, 1n the pitch direction. The actua-
tor units 30p and 30y each include actuator elements (poly-

mers) 31 and 31', holding members 33 and 33", and a key 35.
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The actuator keys 35 are fitted to their respective slotted
holes 1n and 1p, and a protrusion 3¢ on the bottom board 3 and
the slotted hole 1¢ are fitted together. Therefore, when the two
actuator units 30p and 30y are driven while being stretched
and contracted, the lens holder 1 1s displaced in two direc-
tions, the pitch direction and the yaw direction, with respect to
the bottom board 3, that 1s, in the plane that 1s perpendicular
to the optical axis thereol. Although, in the above-described
structure, two-phase electroactive polymer actuators are
used, one-phase electroactive polymer actuators may also be
used as 1n the second embodiment.

Sixth Embodiment

A sixth embodiment of the present mvention will be
described with reference to FIGS. 9 and 10.

FIG. 9 shows a structure of a blur correcting unit 1n a lens
device.

In FIG. 9, reference numeral 1 denotes a lens holder that
holds a correcting lens 2 at the center thereof. Three actuator
units 40a, 405, and 40¢, formed of electroactive polymer, are
disposed at equal distances from each other on the same outer
circumierence of the lens holder 1. Driving the actuator units
40a, 406, and 40c¢ 1n a plane that 1s orthogonal to the optical
ax1s makes 1t possible to deflect light that 1s incident upon the
correcting lens 2. Therefore, when camera shaking in a yaw
direction (that 1s, 1n a direction of a horizontal axis in FIG. 9)
and a pitch direction (that 1s, 1n a direction of a vertical axis 1n
FIG. 9) 1s detected by a sensor, such as a vibratory gyroscope,
and the correcting lens 2 1s displaced so that the light is
deflected 1n a direction opposite to the camera shaking, the
camera shaking can be corrected. Here, the structure of the
one-phase electroactive polymer actuator units 40a, 405, and
40c will be described with reference to FIGS. 9 and 10.

Reference numerals 41 denote cylindrical actuator ele-
ments formed of electroactive polymer. Although, in U.S. Pat.
No. 6,891,317, the use of acrylic material or silicon dielectric
clastomer 1s disclosed, the embodiment i1s not particularly
limited thereto.

Holding members 42 and 43 are mechanical members for
holding the actuator elements (polymers) 41, and are secured
to both ends of the actuator elements 41 with an adhesive.
Each holding member 43 1s a fixed end that 1s fixed to a base
member, and each holding member 42 1s a movable end. Each
holding member 42 has a key 44 for being mechanically
linked to the lens holder 1. In the embodiment, each key 34 1s
used to extract driving power of the actuator unit. For
example, a helical compression spring (not shown) 1s pro-
vided between the holding members 42 and 43 to prevent
buckling of each of the actuator elements (polymers) 41.

Next, the setting of an 1nitial position of each actuator unit
according to the present invention will be described.

When voltage 1s applied to one-phase electroactive poly-
mer actuator units, they are stretched. When electroactive
polymer actuator units are used in the blur correcting device,
the actuator units need to be stretched and contracted. There-
fore, 1t 1s necessary to stretch the electroactive polymer actua-
tor units by a certain amount as a result of previously applying
a certain amount of voltage to the electroactive polymer
actuator units (pre-charging operation), to 1ncrease or
decrease voltage from the predetermined voltage, and to
make them appear as if they are stretched or contracted. In a
related blur correcting unit, when a power supply 1s turned on,
a resetting operation 1s performed to return a correcting lens
to its predetermined position. In the actuator units according,
to the embodiment having the above-described structure,
however, the resetting operation can be omitted. In addition,




US 7,702,227 B2

15

at the 1ni1tial position, electric power for positioning the actua-
tor units 1s not required, so that electric power can be saved. In
the embodiment, an initial reset position 1s set so that the
center of the correcting lens defines an optical axis. In other
words, the actuator units 40a, 4054, and 40¢ are set 1n a bal-
anced state and secured so that, when voltage 1s not applied to
the actuator units, the movable ends 42 of the actuator unaits
are pulled and the central position of the correcting lens
coincides with the optical axis of the lens barrel. The positions
where the actuator units are secured are not limited to the
optical axis center and the center of the correcting lens, so that
they may be secured at any predetermined positions that are
suitable for the optical device.

In FIG. 9, reference numeral 3 denotes a base member
disposed in the lens barrel of a camera. The fixed ends 43 of
the actuator units are secured to respective supporting mem-
bers 3d, 3e, and 3/ formed at the base member 3. Supporting
members 17, 1s, and 1¢, formed at the lens holder 1, and the
keys 44, provided at the movable ends 42 of the actuator units,
are linked to each other by respective low-Iriction linking
members 1u, 1v, and 1w, such as bearings or rollers. By virtue
of such a structure, the actuator units 40a, 405, and 40c¢ are
connected to the lens holder 1 by three parts. This makes 1t
possible to drive the correcting lens 2 in a plane that 1s per-
pendicular to the optical axis thereof.

Although, 1n the foregoing embodiments, the actuator ele-
ments are cylindrical electroactive polymer actuator elements
shown 1n FIGS. 3A and 3B, they may be circular-sheet poly-
mer actuator elements. A circular-sheet polymer actuator ele-
ment will hereunder be described with reference to the rel-
evant figures.

FIGS. 13, 14, and 15 illustrate a circular-sheet polymer
actuator unit. In these figures, reference numerals 101, 105,
106, and 107 denote sheet electroactive-polymer actuator
clements that have the same size and are formed 1n an annular
shape. Although the polymer used in this structure 1s an

acrylic material or silicon dielectric elastomer, which 1s dis-
closed i U.S. Pat. No. 6,891,317, or a material having the
characteristics discussed 1n Table 1 1 “J D W. Madden, Arti-
ficial Muscle Technology: Physical Principles and Naval
Prospects, IEEE JOURNAL OF OCEANIC ENGINEER-
ING, VOL. 29, NO. 3, JULY 2004,” the polymer used 1s not
limited thereto. Electrodes, such as those formed of stretch-
able and compressible carbon, are formed on the front and
back of the polymer. The method of forming the electrodes
and the matenal of the electrodes are not limited to any
particular method and matenal, respectively.

Holding members 102, 103, and 104 are mechanical mem-
bers for holding the actuator element 101. The actuator ele-
ment 101 and the holding members are secured to each other
by welding or with an adhesive. Shaded portions 1n FIGS. 13
and 14 correspond to the welded or adhered portions. FI1G. 14
shows the welded or adhered portions of the component parts
in the entire structure by arrows. The holding member 102
and the actuator element 101 are welded or adhered to each
other at a shaded portion 1011 near an annular outer periph-
eral portion of the actuator element 101. The actuator ele-
ments 101 and 1035 are welded or adhered to each other at a
shaded portion 1012 near an annular inner peripheral portion
ol the actuator element 101. The actuator element 105 and the
holding member 103 are welded or adhered to each other ata
shaded portion 1011 near an annular outer peripheral portion.
The actuator elements 106 and 107 are similarly welded or
adhered to each other and to their respective parts. This forms
the actuator elements 1into the form of a bellows. After weld-
ing or adhering the parts to each other as shown 1n FI1G. 14, a

shaft 108 having a step secures the holding members 102 and
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104 so that the distance between them 1s widened. A threaded
portion 108a of the shait 108 and a threaded hole 102a of the
holding member 102 are screwed and adhered to each other
and are locked. The holding member 103 and the shait 108
slide with respect to each other at low friction. A low-Iriction
coating, such as Teflon, or a lubricant, such as commercially
available grease, may be applied to either one or both of the
shaft 108 and the holding member 103. This embodiment 1s
not limited to the shaft 108, so that a flat plate may be used to
determine the entire length of the actuator unit as 1n the first
embodiment described with reference to FIGS. 3A and 3B.
The shaft 108 1s used to apply a pre-strain to the actuator
elements 101, 105, 106, and 107, and 1s secured to the actua-
tor elements 1n a stretched state. As mentioned above, 1t 1s
widely known that properties of actuator units, such as elec-
trostatic breaking strength, can be improved as a result of
applying a pre-strain to a polymer.

The distinctive features of this embodiment are that the
holding members 102 and 104 are kept apart from each other
while the actuator elements 101, 105, 106, and 107 are
stretched and that force and displacement are smoothly pro-
vided from the center side surfaces of the actuator elements
that are in the form of a bellows. As 1n the structure of the
actuator unit shown in FI1G. 3, the holding member 103 has a
key 1014 for being mechanically connected to the lens holder.
Although, 1n this embodiment, four circular-sheet actuator
clements (polymer sheets) are used, for example, only two of
the actuator elements, the actuator elements 101 and 106,
may be used. Alternatively, 1t 1s possible to use many sheets
(such as six, eight, or ten sheets), instead of four sheets, by
similarly connecting these sheets together; or to set the num-
ber of sheets 1n accordance with the conditions of use.
Although the portion where the actuator elements 101 and
105 are secured to each other and the portion where the
actuator elements 106 and 107 are secured to each other are at
the annular mnner peripheral sides, they may be at the annular
outer peripheral sides. In that case, the holding member 102
and the actuator element 101, the actuator element 105 and
the holding member 103, the holding member 103 and the
actuator element 106, and the actuator element 107 and the
holding member 104 are secured to each other at the annular
inner peripheral sides.

The polarities of the electrodes are set so that the outer
sides of the actuator elements become ground. The 1nner sides
of the actuator elements are where voltage 1s high. By virtue
of this structure, 1t 1s possible to prevent, for example, elec-
trical discharge to other parts 1n the lens barrel.

As regards the cylindrical actuator unit shown 1n FIG. 10,
a circular-sheet actuator unit shown 1n FIG. 16 may be used
instead of the cylindrical polymer actuator shown 1n FIG. 10.

In each of the foregoing embodiments, the blur correcting
lens of the interchangeable lens 1s driven by actuator units
formed of electroactive polymer, 1n the optical device (cam-
era system) comprising the interchangeable lens and the cam-
era.

An optical device (1mage pickup device), such as a digital
still camera or a video camera, in which a blur correcting lens
1s driven by actuators formed of electroactive polymer will be
described below.

Seventh Embodiment

FIG. 17 shows a camera (1mage pickup device, such as a
digital still camera or a video camera) according to a seventh
embodiment.

In FIG. 17, reference numeral 170 denotes a lens barrel,
and reference numeral 180 denotes a camera body. The lens
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barrel 170 1s a collapsible-type lens barrel 1n which a lens 1s
accommodated 1n and extended from the camera body 180.
.1 denotes a first lens unit that 1s fixed during magnification
change, .2 denotes a second lens unit that moves during the
magnification change, .3 denotes a third lens unit that cor-
rects blurring, and L4 denotes a fourth lens unit that moves
during focusing. Reference numeral 171 denotes a fixed lens
barrel portion and reference numeral 172 denotes a cam cyl-
inder. Rotation of the cam cylinder 172 causes a first lens
barrel portion 173, which holds the first lens unit L1, and a
second lens barrel portion 174, which holds the second lens
unit L2, to move from their accommodated positions in the
camera body 180 to their shooting positions (shown in FIG.
17). Further rotation of the cam cylinder 172 causes the sec-
ond lens barrel portion 174 to move for zooming. The third
lens unit L3 1s held by a third lens barrel portion 175 that 1s
movable 1n a plane that 1s perpendicular to the optical axis.
Reference numerals 200 and 200 denote actuator units that
move the third lens barrel portion 175, which 1s a blur cor-
recting lens unit, 1n the plane that 1s perpendicular to the
optical axis. The structure of the actuator units 200 1s the same
as that of the actuator unit shown in FIG. 3, so that the details
of the structure of the actuator units 200 will not be given
below.

The structure of the blur correcting lens unit will be
described with reference to FIGS. 18A and 18B.

In FIG. 18A, reference numerals 200a, 200¢, 2005, and
2004 denote yaw-direction actuator elements, and reference
numerals 201a, 201c, 2015, and 2014 denote pitch-direction
actuator elements. Each actuator element 1s formed of elec-
troactive polymer. Reference numerals 202, 203, 204, and
205 are movable holding members that are held between the
two actuator elements corresponding thereto. Reference
numeral 206 denotes an actuator holding member (base mem-
ber) that sandwich and hold each actuator element. Connect-

ing bosses 202a, 203a, 204a, and 205q are formed 1n the
respective holding members 202, 203, 204, and 205.

When sets including two actuator elements and one mov-
able holding member are formed, these sets are successively
disposed 1n four directions so as to be separated by 90 degrees
from each other with reference to the optical axis. These
directions are along the directions of stretching and contrac-
tion of the actuator elements.

The connecting bosses 202a, 203a, 204a, and 2034, dis-
posed at the respective holding members 202, 203, 204, and
205, engage four respective slotted holes 1.3a, L.3d, L3¢, and
.35, formed 1n a lens holding member 210. The long sides of
the slotted holes L3a, L35, L3¢, and L.3d are disposed per-
pendicular to the directions of movement of the movable
holding members 202, 205, 204, and 203.

Reference numeral 207 denotes a wire for applying driving,
voltage from the actuator element 200q to the actuator ele-
ment 2004 and from the actuator element 2014 to the actuator
clement 201d. The wire 207 1s a wire that conducts output
voltage from sensors when the actuator elements serve as the
SEeNsors.

FIG. 18A shows a non-electrification state 1n which volt-
age 1s not applied to the actuator elements. The center of the
third lens unit L3 1s the position corresponding to the optical
axis. This 1s because tensile force from the actuator element
200a to the actuator element 2004 and tensile force from the
actuator element 201a to the actuator element 2014 are 1n
equilibrium due to the aforementioned pre-strain. In the
embodiment, when a lens unit 1s to be positioned at the optical
axis, electrification 1s not required, thereby making the struc-
ture very advantageous from the viewpoint of saving energy
during shooting.
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FIG. 18B shows a state in which the third lens umt L3 1s
driven by a movement amount A 1n the pitch direction 1n this
structure. The actuator elements 201a and 2015 are stretched
in accordance with an output from a controlling circuit (not
shown) of the camera body 180 shown in FIG. 17. Here,
although electrical current 1s not passed through the actuator
elements 201¢ and 2014, the actuator elements 201cand 2014
are compressed by tensile force produced by pre-strain, so
that the movable holding members 202 and 204 move by the
movement amount A 1n the pitch direction.

Accordingly, in the embodiment, driving each of the actua-
tor elements 1n accordance with a blurring state makes 1t
possible to drive the third lens unit L3 1n the plane that 1s
perpendicular to the optical axis.

The operation of the blur correcting unit according to the
embodiment will be described with reference to the flowchart
shown 1n FIG. 19. Here, the operation of preventing blurring
in a shooting device, such as a video camera or a digital still
camera, having a moving-image shooting mode and a static-
image shooting mode will be described.

When, 1n Step 301, a power supply of the camera 1s turned
on, a determination 1s made as to whether the camera 1s 1n a
shooting mode in Step 302. If 1t 1s not 1n a shooting mode, the
process proceeds to Step 303 to reproduce a still image or a
moving image because it 1s 1n a reproduction mode. Then, the
process proceeds to Step 304, in which, when the camerais in
a reproduction mode, an electrification setting of a blur pre-
venting mechanism 1s kept off (that 1s, electrical current 1s not
supplied to the actuator elements).

When, 1n Step 302, the camera 1s 1n a shooting mode, the
process proceeds to Step 305, so that the camera 1s set 1n a
static-image or a moving-image shooting pause state. Then,
the process proceeds to Step 306 to set a state in which a blur
prevention operation can be started. In the blur prevention
operation, first, a determination 1s made as to whether or not
a shift operation setting 1s on in Step 307. I the shiit operation
setting 1s not on, the process remains at Step 307. If 1t 1s on, the
process proceeds to Step 308 to shift-drive the third lens unit
as a result of supplying electrical current to the actuator
clements by the controlling circuit. For Step 308, an output
from an angle sensor, such as a vibratory gyroscope, 1s input
by carrying out Step 309. It the central position of the third
lens unit (that 1s, where 1t 1s held when electrical current 1s not
supplied) 1s displaced from the optical axis, the displacement
amount 1s stored in EPROM, and information from FPROM
1s read 1n Step 310. After correcting the shifted central posi-
tion, 1n Step 308, the third lens unit 1s shift-driven. When the
shifting 1s started 1n Step 306, the proceeds to Step 311. When
a recording start button 1s set on, recording 1s started. When a

recording stop button is operated, the recording 1s stopped in
Step 312.

Eighth Embodiment

T'he structure of a blur correcting unit according to an
cighth embodiment of the present invention will be described

with reterence to FIGS. 20A and 20B.

FIGS. 20A and 20B show the structure of a lens unit using,
two actuator unmits. One actuator unit 1s disposed for driving in
a pitch direction, and one actuator unmit 1s disposed for driving
in a yaw direction. Reference numeral 211 denotes a fixed
connecting boss disposed at an actuator holding member
(base member) 206. The connecting boss 211 1s disposed at an
angle of 135 degrees from movable holding members 203 and
204 with the optical axis as the center. The connecting boss
211 engages a slotted hole L3e formed 1n a lens holding

member 210 that holds a third lens unit L3.
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The eighth embodiment differs from the seventh embodi-
ment 1n that the third lens unit L3 may swing or rotate 1n a
driving plane. When the third lens unit L3 1s to be driven
downward 1n the pitch direction, 1n the seventh embodiment,
the third lens unit L3 can be moved in the pitch direction if the 5
pitch-side actuator elements are driven. In the eighth embodi-
ment, the slotted hole L3e 1n the lens holding member 210
engages the fixed connecting boss 211, so that, as shown 1n
FIG. 208, when the third lens unit L3 1s moved by a move-
ment amount B 1n the pitch direction, the actuator elements 10
are driven in the yaw direction to rotate the third lens unit L3
by an angle C. Accordingly, 1n the embodiment, the third lens
unit L.3 1s driven in the pitch direction by driving the pitch-
direction and yaw-direction actuator elements, and the third
lens unit .3 1s driven in the yaw direction by driving the 15
yaw-direction and pitch-direction actuator elements, so that

the third lens unit .3 1s shifted.

Ninth Embodiment
20

A structure of a blur correcting umt according to a ninth
embodiment of the present imvention will be described with
reference to FIG. 21.

In FIG. 21, reference numeral 230 denotes an L-shaped
guide bar that guides a third lens unit L3 1n a pitch direction 35
and a yaw direction. The L-shaped guide bar 230 1s held by
fixed sleeves 2064 and 2064 of an actuator holding member
(base member) 206 so as to be movable 1n the pitch direction.
The L-shaped guide 230 1s inserted 1n guide holes L3/ and L3/
in a lens holding member 210 that holds the third lens unit L3, 3¢
so that the lens holding member 210 1s movable 1n the yaw
direction with respect to the L-shaped guide bar 230.

When the third lens unit L3 1s to be moved 1n the pitch
direction, driving an actuator element 2015 or an actuator
clement 2014 causes the L-shaped guide bar 230, held by the 35
lens holding member 210, to be guided by the fixed sleeves
2064 and 2064, so that the lens holding member 210 1s moved
in the pitch direction. When the third lens unit L3 1s to be
moved 1n the yaw direction, driving an actuator element 2004
or an actuator element 200¢ causes the guide holes L3/ and 40
[.3/, formed 1n the lens holding member 210, to be gmided by
the L-shaped guide bar 230, so that the lens holding member
210 moves 1n the yaw direction.

Tenth Embodiment 45

A structure of a blur correcting unit according to a tenth
embodiment of the present invention will be described with
reference to FI1G. 22.

In the embodiment, an actuator unit 200 is secured to an 50
actuator holding member 206, and an actuator unit 201 1s
secured to a movable actuator holding member 510. When
driving 1s performed 1n a pitch direction, actuator elements
2015 and 2014 that are disposed at the movable actuator
holding member 510 are used, whereas, when driving 1s per- 55
formed 1n a yaw direction, actuator elements 200a and 200c¢
that are disposed at the actuator holding member 206 are
used. When the driving 1s performed 1n the pitch direction,
power 1s transmitted to a third lens unit L3 through a movable
holding member L.3g disposed between the actuator elements 60
2015 and 201d. A lens holding member 210 1s guided by a
pitch-side guide bar 511 and a pitch-side sleeve L3/ disposed
at the third lens unit 3. When the driving 1s performed in the
yaw direction, power 1s transmitted to the third lens unit L3
through a movable holding member 510a disposed between 65
the actuator elements 200aq and 200c¢. The movable actuator
holding member 510 1s guided in the yaw direction by guide
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slotted holes 512 and fixed bosses 206¢ and 206¢ disposed at
the actuator holding member 206.

Eleventh Embodiment

A structure of a blur correcting unit according to an elev-
enth embodiment of the present invention will be given with

reterence to FIGS. 23 A and 23B.

In the embodiment, one-phase electroactive polymer
actuator units are used.

In FIGS. 23 A and 23B, reference numerals 200e, 200/, and
200¢ denote actuator elements formed of electroactive poly-
mer. The actuator element 200e 1s held between a rotary
holding member 601a and a rotary holding member 6015, the
actuator element 200/1s held between a rotary holding mem-
ber 601c and a rotary holding member 6014, and the actuator
clement 200g 1s disposed between a rotary holding member
601¢ and a rotary holding member 601/. The rotary holding
members 601a, 6015, and 601¢, and the rotary holding mem-
bers 601d, 601e, and 6011 are supported by connecting bosses
600a, 6005, and 600c¢, disposed at an actuator holding mem-
ber 600, and by connecting bosses .37, .3/, and L.3%, disposed
at a lens holding member of a third lens unit L.3. While each
rotary holding member 1s held by 1ts corresponding boss, the
corresponding actuator element 1s pulled and a pre-strain 1s
applied thereto.

The actuator elements 200¢e, 2007, and 200¢ are disposed at
an equal interval of 120 degrees with respect to an optical axis
center of the third lens unit .3 so as to extend radially from the
optical axis center.

When the third lens unit L3 1s to be moved downward 1n the
pitch direction, as shown 1 FIG. 23B, the actuator element
200e 1s stretched. Here, the actuator elements 200/ and 200g
are not stretched, but their rotary holding members 601¢ and
6014 and rotary holding members 601e and 601/ rotate
around the connecting bosses 600a, 6005, and 600¢ and con-
necting bosses .37, L.3j, and L3k as centers, so that they
follow the movement of the third lens unit L.3. When the third
lens unit L3 1s to be moved in the yaw direction, 1t1s driven by
combining the stretchings of the actuator elements.

Although, in the above-described embodiment, cylindrical
clectroactive polymer actuator elements are used, electroac-
tive polymer actuator elements in the form of a bellows,
illustrated 1n FIG. 15, may also be used.

In the embodiments described thus far, electroactive poly-
mer actuators are used to drive the lens of a shooting optical
system of the camera 1n the plane perpendicular to the optical
axis of the camera. Another embodiment 1n which electroac-
tive polymer actuators are used to move an 1mage pickup
element, such as a CCD or a CMOS, 1n a camera will here-
under be described.

Twelfth Embodiment

An 1mage-pickup-element driving unit according to a
twelfth embodiment of the present mvention will be
described with reference to FIGS. 24 and 25.

In the embodiment, the actuator structure shown 1n FIG.
3A 1s used. In FIGS. 24 and 25, refterence numerals 408
denote three first actuator units. First actuator holding mem-
bers 411 for the respective actuator umts 408 are secured to a
camera body 421, and hold actuator elements 408a and 4085.
A holding member 409 is secured from 1ts back side between
the actuator elements 408a and 40856 of each actuator umit
408. Pins 410 for taking out power are provided at the respec-
tive holding members 409.
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Reference numeral 416 denotes a base member having
protrusions 416a having slotted holes 417 that engage the
respective pins 410. The protrusions 416qa are disposed at an
equal interval at three locations so as to extend radially, with
an axis that 1s parallel to the optical axis and that passes
through the center of an 1image pickup element serving as a
symmetric axis. Second actuator holding members 4165 that
hold second actuator elements are provided at three locations
of the base member 16. Second actuator units 412 are held by
the second actuator holding members 4165. Each holding
member 413 1s adhered to a portion between second actuator
clements 412a and 4125 corresponding thereto. Each holding
413 has a pin 414, and a ball 4135 1s disposed at an end of 1ts
corresponding pin 414. Reference numeral 418 denotes an
image-pickup-element holding member.

Protrusions 418a, each having a hole 419 engaging the
corresponding ball 415, 1s provided at the 1mage-pickup-
clement holding member 418. The protrusions 418a are dis-
posed at three locations and at an equal interval so as to extend
radially, with the axis that 1s parallel to the optical axis and
that passes through the center of the image pickup element
serving as the symmetric axis. The image-pickup-element
holding member 418 holds an 1image pickup element 420.

FI1G. 26 15 a block diagram of a controlling circuit and the
image-pickup-element driving unit according to the twelith
embodiment.

The image-pickup-element driving unit according to the
embodiment 1s disposed 1n a camera 421. On the basis of a
voltage supply to a sensor and an output signal from the
sensor at a position detecting circuit 422, positional informa-
tion of the 1mage pickup element 1s transmitted to a control-
ling circuit 424. The sensor may be an attached external
sensor, such as a photodetector, or a built-in sensor, such as
one that detects a change in resistance or in electrostatic
capacitance ol an electroactive polymer. An output signal
from a motion-blur detecting sensor (not shown), disposed at
the camera 421, 1s processed by a motion-blur detecting cir-
cuit 423, and the processed signal 1s transmitted to the con-
trolling circuit 424. The controlling circuit 424 monaitors the
signal from the position detecting circuit 422 and the signal

from the motion-blur detecting circuit 423 to, on the basis of

an 1image-pickup-element-position control signal for correct-
ing motion blurring, control voltage applied to the first actua-
tor units 408 by a driving circuit 425. An output signal from
the image pickup element 420 1s transmitted to the controlling
circuit 424. The controlling circuit 424 monitors the signal
from the position detecting circuit 422 and the signal from the
image pickup element 420 to, on the basis of an 1mage-
pickup-element-position control signal for correcting blur-
ring at one peripheral portion of a print, control voltage
applied to the second actuator unmits 412 through the driving
circuit 425. The image-pickup-element-position control sig-

nals correspond to information regarding a target position of

the 1mage pickup element for correcting motion blurring or
blurring at one peripheral portion of a print.

FIGS. 27A to 27D show operations of the image-pickup-
clement driving unit according to the twelfth embodiment 1n
a plane that 1s perpendicular to the optical axis of the 1mage-
pickup-element driving unait.
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FI1G. 27 A shows a state in which an image pickup plane of 60

the image pickup element is positioned so that the optical axis
1s at the center. With the optical axis being defined as a 7 axis,
an X axis and aY axis that are perpendicular to each other are
defined as 1n FIG. 27A.

When, 1n the state shown 1n FIG. 27 A, voltage 1s applied to
the three first actuator units 408, the actuator elements are
stretched and contracted, so that the holding members 409
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move 1n a direction of an actuator driving axis. Since this
causes the pins 410 to move in the driving axis direction along
with the holding members 409, the base member 416 having
the slotted holes 417 engaging the pins 410 moves so as to
follow the movement of the pins 410 and the holding mem-
bers 409. Since the image pickup element 420 1s held by the
base member 416 through the second actuator units 412 as
well as by the image-pickup-element holding member 418,
the 1mage pickup element 420 moves along with the base
member 416.

When voltage 1s applied to the first actuator units 408 from
the state shown 1in FIG. 27A, the state changes to states shown
in FIGS. 278 to 27D. FIG. 27B shows the state in which the
image pickup element has moved 1n the X direction by an
amount AX. FIG. 27C shows the state in which the image
pickup element has moved 1n the Y direction by an amount
AY. FIG. 27D shows the state 1n which the image pickup
clement has rotated by A01 around the Z axis as a center.

In FIGS. 27A to 27D, the position of the base member 416
1s determined as a result of engaging the three slotted holes
417 with the pins 410. By combining the movements of the
base member 416 as shown 1n FIGS. 27B to 27D on the basis
of the signals from the controlling circuit 424, such as those
shown 1n FIG. 26, motion blurring 1s corrected.

FIGS. 28 A and 28B show operations of the image-pickup-
clement driving mechanism according to the embodiment 1n
the optical axis direction.

FIG. 28A shows a state 1n which the 1image pickup plane of
the 1image pickup element 420 1s positioned so that 1t 1s per-
pendicular to the optical axis. When voltage 1s applied to the
second actuator units 412, the actuator elements ({ilms) are
stretched and contracted, so that the holding members 413
move 1n the direction of the actuator driving axis. Since this
causes the pins 414 to move 1n the axial direction along with
the holding members 413, the image-pickup-element holding
member 418 having the holes 419 engaging the balls 415 at
the ends of the pins 414 moves so as to follow the movement
of the pins 418 and the holding members 413.

Since the image pickup element 420 1s held by the image-
pickup-element holding member 418, the 1mage pickup ele-
ment 420 moves along with the image-pickup-element hold-
ing member 418.

When voltage 1s applied to the second actuator units 412
from the state shown in FIG. 28A, the state changes to that
shown 1n FIG. 28B 1n which an axis that i1s orthogonal to the
image pickup plane has been rotated by AO, with respect to
the optical axis. In FIGS. 28A and 28B, the position of the
image-pickup-element holding member 418 1s determined as
a result of engaging the three holes 419 and the three balls
415. By moving the image-pickup-element holding member
418 as shown 1n FIG. 28B on the basis of the signals from the
controlling circuit 424, such as those shown 1n FI1G. 26, tilting
of the image pickup element 1s performed, so that blurring at
one peripheral portion of a print 1s corrected.

FIG. 29 1s a flowchart of the steps of performing a shooting,
operation of a shooting device using the driving mechanism
according to the embodiment.

In Step 501, a dust reduction operation start signal 1s input
to the driving circuit, and voltage 1n accordance with the input
signal 1s applied to the first actuator units 408 and the second
actuator units 412, so that the base member 416 and the
image-pickup-element holding member 418 wvibrate. The
vibration causes dust to fall off from the surface of the image
pickup element 420. In Step 502, an image input signal to the
image pickup element 1s processed to correct blurring at one
peripheral portion of a print by the drive controlling operation
that has been described with reference to FIG. 26. Then, 1n
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Step 503, the shooting device 1s set 1 a level state 1n a
shooting state. Thereafter, 1n Step 504, motion blurring 1s
controlled as a result of driving the actuator units 408. Then,
the process proceeds to Step 505 1n which a release switch
(not shown) of the camera 421 1s switched on to perform
shooting, after which output from the image pickup element
1s stored 1n a storage device, such as a memory.

Although, in the above-described embodiment, the base
member 416 1s driven by the first actuator units 408 along the
plane that 1s perpendicular to the optical axis, and the image-
pickup-element holding member 418 1s driven by the second
actuator units 412 1n the optical axis direction, 1t 1s possible to
drive the i1mage-pickup-element holding member by the
actuator units along the plane that 1s perpendicular to the
optical axis to correct blurring, and to drive the base member
416 by the actuator units 1n the optical axis direction to tilt
drive the 1image pickup element. In addition, although, 1n the
actuator connecting mechanisms, the balls engage the engag-
ing holes and the pins engage the slotted holes, the balls may
engage the slotted holes and the pins may engage the engag-
ing holes as required.

Although, 1n the above-described embodiment, cylindrical
clectroactive polymer actuator elements are used, electroac-
tive polymer actuator elements 1n the form of a bellows may
also be used.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the 1nvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
modifications, equivalent structures and functions.

What 1s claimed 1s:

1. An optical device comprising:

a lens holding member that holds a blur correcting lens and
that 1s movable 1mn a direction along a plane that 1s
orthogonal to an optical axis of the lens; and

an actuator that moves said lens holding member 1n the
direction along the plane,
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wherein said actuator includes holding member, and two
actuator elements, formed of electroactive polymer, and
a connecting member that connects the lens holding
member, and

said connecting member 1s sandwiched between each end
of said two actuator elements 1n the direction along the
plane,

said connecting member adheres to each end of said two
actuator elements,

cach of the other ends of said two actuator elements
adheres said holding member, and

said lens holding member moves in the direction along the
plane by elastic deformation of said two actuator ele-
ments 1n the direction along the plane.

2. An optical device comprising:

a motion-blur detecting sensor that receives light from a
shooting optical system:;

a motion-blur detecting sensor holding member that holds
motion-blur detecting sensor and that 1s movable 1n a
direction along a plane that 1s orthogonal to an optical
ax1s of the shooting optical system; and

an actuator that moves motion-blur detection sensor hold-
ing member 1n the direction along the plane,

wherein said holding member, and two actuator elements,
formed of electroactive polymer, and a connecting mem-
ber that connects the motion-blur detecting sensor hold-
ing member, and

said connecting member 1s sandwiched between each end
of said actuator elements 1n the direction along the plane,

said connecting member adheres to each end of said actua-
tor elements,

cach of the other ends of said actuator elements adheres to
said holding member, and

said actuator including holding member moves 1n the
direction along the plane by elastic deformation of said
actuator elements 1n the direction along the plane.
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